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@ A pho tot hermographlc material having a pho to sen si tive medium comprising: photosensitive silvar 
haJide, a redbcfcle silver source, a reducing agent for silver ion. a hydrobromic add salt of a 
nitrogen-containing heterocyclic ling or fused ring nucleus associated with a pair of bromine atoms 
CHARACTERISED IN THAT the photosensitive medium additionally comprises as an antifoggant, 
substantially in the absence of an antffoggant effective amount of mercury and other heavy metal 
a tribromomethyl ketone compound of general formula (1) : 
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II 

R-C-CBr, 



In which ; 

R represents an alkyf group, an 
heterocyclic ring or fused ring nudeus. 



aryl group, a carbocydlc ring or fused ring nucleus or a 



< 

S 



Q. 
Ul 



Jouve. 18. rue Saint-Denis. 75001 PARIS 



EP 0 600 587 A1 

This invention relates to photother mographlc materials and in particular to the use therein of trlbromome- 
thyl ketone compounds of defined formula as antifoggants. 

Heat-developable silver halkle photothermographic imaging materials, often referred to as "dry sliver" 
compositions because no liquid development is necessary to produce the final image, are known and disclosed 

s in. e.g., U.S. Patent Nos. 3152904, 3467075. 3839049. 3985565, 4022617 and 4460681. and in Thermally 
Processed Silver Systems" by D. Morgan and B. Shely, Imaghm Processes and Materials, Neblette's Eighth 
Edition. Edited by Sturge etaL, (1969). Such materials generally comprise: a light-Insensitive, reducible silver 
source; a light-sensitive material which generates silver when irradiated, and a reducing agent for the silver 
source. The light-sensitive material is generally photographic silver halkle which must be in catalytic proximity 

io to the light-insensitive si Iver source. "Catalytic proximity" is defined as an Intimate physical association of the 
two materials such that when silver specks or nuclei are generated by irradiation or Light exposure of the pho- 
tographic silver halide, those nuclei are able to catalyze the reduction of the silver source by the reducing 
agent It has long been understood that silver is a catalyst for the reduction of silver ions and the silver-gen- 
erating, light-sensitive silver halide catalyst progenitor may be placed into catalytic proximity with the silver 

15 source in a number of different fashions, such as partial metathesis of the silver source with a halogen-con- 
taining source (e.g., as disclosed in U.S. Patent No. 3457075). copreclpltation of the sliver halkle and silver 
source material (e.g., as disclosed in U.S. Patent No. 3639049) and any other method which intimately asso- 
ciates the silver halide and the silver source. Exposure of the silver halide to light produces small clusters of 
silver atoms. The image wise distribution of these clusters Is known in the art as the latent Image. This latent 

20 I mage Is generaly not visible by ordinary means and the exposed material must be further processed In order 
to produce a visual Image. Although stable at ambient temperatures, when heated after Image wise exposure 
to higher temperatures, silver is produced In the exposed regions of the medium through a redox reaction be- 
tween the reducible silver source (acting as an oxidising agent} and the reducing agent This redox reaction 
Is accelerated by the catalytic action of the exposure generated silver atoms. The sfiver contrasts with the 

26 unexposed areas to form the Image. Alternatively, the reducing agent may be such that It generates a colour 
on oxidation, either by becoming coloured itself, or by releasing a dye during the process of oxidation. The 
resulting colour Image may optionally be diffused thermally to a separate receptor layer. 

Phofcot harmographic materials, like other light-sensitive systems, tend to suffer from fog. This spurious 
image density appears in the non-developmental ly sensitized areas of the material and is often reported in 

so aensftometrtc results as Dmin. This problem is also related to certain stability factors in the photosensitive 
material where tog increases upon storage, ft is therefore customary to include an effective antifbggant in these 
materials. 

In the past, the most effective antifoggant has been mercuric ion. The use of mercury compounds as an- 
tifbggants in photother mographic materials is disclosed In, e.g., U.S. Patent No. 3589903. However, mercury 
35 compounds are environmentally undesirable and due to Increasing pressure to remove even trace amounts 
of possible pollutants from commercial articles there Is a demand to find equally effective but less hazardous 
antifoggants. Various compounds have been suggested for use as antifbggants In place of mercury com- 
pounds in photothermographEc materials. 

U.S. Patent No. 4546075 discloses the use, In photother mographlc media comprising an inorganic silver 
40 salt a photocatalyst and a reducing agent, of compounds of the following general formulae as antifoggants 
in place of mercury compounds: 




cx 3 

50 

In which; 

n has integral values of from 1 to 4, 
Q represents S, O or NR 2 , 

R 1 represents hydrogen or an alkyl. aryl, aralkyf, acyl. carbamoyl, alkyteulphonyl or arylsulphonyl group 
& or a heterocyclic ring or fused ring nucleus. 

each R 2 independently represents an alkyl, aryl or acyl group, and 
X represents a halogen atom. 
U.S. Patent No. 4546075 also discloses the use of tribromoacetophenone as a comparative antifbggant 
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when assessing the efficiency of the afbredescribed tetrazole, benzothiazole, benzoxszole and benzomkJa- 
zote compounds. The results presented show that tribromoacetophenone has a negligible effect on the level 
of fog generated in the exemplified photothermographic system. For example, referring to Example 1 , tribro- 
moaoetophenone achieves only minimal reduction on the level of fog observed in the control medium oontain- 
5 tng no antifeggant {a decrease In Dmin of from 0.69 to 0.55) when compared with the level of fog reduction 
achieved by the various tetrazole compounds eta, of the invention (Dmin of between a 08 to 0.22 variously). 

Japanese Patent Publication No. 50-57234 discloses, as antlfoggants in place of mercury compounds, 
the use of compounds of the general formula: 

ic In which; 

each X represents a halogen atom, preferably bromine, and 

R* and R 2 independently represent an acyl, oxycarbonyl, oxysulphonyl, alkyteul phenyl, arylsulphonyi, 
aralkylsufphonyl, carboxy, sulpho or sulphamoyl group, each of which may optionally be substituted. 

U.S. Patent No. 4452885 discloses, as antlfoggants in place of mercury compounds, the use of com- 
1 5 pounds of t he general formula: 



N N 



in which; 

X represents a halogen atom, and 

R 1 represents hydrogen or an alky), aryf, aralkyf oralkanyl group or a heterocyclic ring or fused ring nu- 
cleus, each of which may be substituted. 

European Patent Publication No. 223606 discloses, as antlfoggants in place of mercury compounds, the 
i of compounds of the general formula: 



35 



in which; 

X 1 and X? independently represent halogen atoms, preferably bromine, 

X 9 represents a halogen atom, such as bromine or chlorine, preferably bromine, or an eJectron-with- 
40 drawing substituenf, e.g., acyl, oxycarbonyl, oxysulphonyl etc., and 

Z represents the necessary atoms to complete an optionally substituted heterocyclic ring or fused ring 
nucleus. 

Japanese Patent Publication No. 61 -129642 discloses the use of halogenated compounds (Including phe- 
nyl-(u,a^ibrorno benzyl}- ketone to reduce fog in color-forming photothermographic emulsions. 
45 LLS. Patent No. 3767399, British Patent No. 1 396265 and European Patent Publication No. 26859 disclose 

colour i maging systems in which organoh slogan com pou nds, including trtoiornomet hyl ketone compounds, are 
photolysed on exposure to light to produce a halogen radical which oxidises a colour-forming compound, e.g., 
an akSol naphthy lamina, a leuco dye etc., to produce a coloured image. 

European Patent Publication No. 061898 discloses the use of trftromomethyl ketone compounds as pho- 
50 toinit Eaters for a thermally developed imaging medium comprising a leuco dye, a nitrite ton and a sensitising 
dye. 

Belgian Patent No. 876734 discloses the use of tri bromomet hyf ketone compounds to reduce the tog level 
Sn conventional, 'wet~proce&aed p silver haJIde based imaging media, as well as claiming a speed enhancement 

Japanese Patent No. 61 -93451 discloses aqueous silver halfda/sftvar benzotriazole based imaging media 
55 incorporating water-soluble sensit ising dyes and other conventional photographic additives. The imaged ma- 
terial is not thermally processed, but "fixed* by contact with another coating to which the dye image is trans- 
lated. Certain tribromomathyl ketone compounds are disclosed as antlfoggants for use therein. 

French Patent Nos. 2483092 and 2463637 and British Patent Nos. 2076552 and 2076984 disclose silver 
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iodide based photothermographic media of the post-activation type, I.e.. requiring thermal activation prior to 
imaging, incorporating as antifoggants an oxidising agent for free stiver and a photo-reactive organohaJogen 
oxidising agent comprising a halogenated organic compound having one or more bromine-carbon or iodine- 
carbon linkages. Hie preferred organohalogen oxidising agent is o-tetrabromoxylene, although a number of 
5 tribromomethyl ketone compounds are exemplified. The free silver oxidising agent, usually mercuric ion. al- 
though palladium and cobalt are also exemplified, is the primary antifoggant with the organohalogen oxidising 
agent functioning In a secondary role Id regenerate the reduced free silver oxidising agent 

Tribromomethyl ketone compounds have now been found to be effective antifoggants in photothermo- 
graphic materials of the type disclosed In U.S. Patent No. 5028523, which contain, in addition to the usual pho- 
to tothermographic chemistry, a hyotabiomic acid salt of a nitrogen-containing heterocyclic ring erf used ring nu- 
cleus associated with a pair of bromine atoms, as a speed enhancing agentfantifoggan t 

According to the present invention there is provided a photothermographic material having a photosensi- 
tive medium comprising: photosensitive silver halide. a reducible si Iver source, a reducing agent for silver ton, 
a hydrobromic acid salt of a nitrogen-containing heterocyclic ring or fused ring nucleus associated with a pair 
is of bromine atoms, and as an antifoggant, substantially In the absence of an ant ifbggant effective amount of 
mercury and other heavy metal salts, a tribromomethyl ketone compound of general formula (I): 

O 

(I) I 
20 R-C-CBTj 

in which; 

R represents an aikyl group, an aryl group, a carbocydfcs ring or fused ring nucleus or a heterocyclic ring 

25 at fused ring nucleus. 

The compounds of formula (I) represent a class of tribromomethyl ketone compounds which have been 
found to be effective antifoggants In photothermographic materials, reducing fog to the same or a greater ex- 
tent than conventional mercury-containing antifoggants. There Is also evidence to suggest that the com- 
pounds of formula (I) are able to improve the image stability both before, during and after processing when 

30 compared with formulations containing mercury-containing antifoggants. 

As is well understood in this technical area, a large degree of substitution is not only tolerated, but is often 
advisable. As a means of simplifying the discussion, the terms "nucleus", "groups" and "moiety" are used to 
differentiate between chemical species that allow for substitution or which may be substituted and those which 
do not or may not be so substituted. For example, the phrase "sJkyi group" is Intended to Include not only pure 

35 hydrocarbon alkyl chains, such as methyl, et hyt, octyi, cycSohexyl, iso-octyl, t-butyl and the like, but also alkyl 
chains bearing conventional substituents known in the art, such as hydroxy!, aJkoxy, phenyl, halogen (F, CI, 
Br and 1), cyano, nitro, amino etc. The term "nucleus" is likewise considered to allow for substitution. Thus, 
the phrase "pyrimidine nucleus 11 would be understood to include not only an u ^substituted pyrimidine ring, but 
also pyrimidine rings bearing conventional substituents known in the art The phrase "alkyl moiety" on the 

40 other hand is limited to the inclusion of only pure hydrocarbon alkyl chains, such as methyl, ethyl, propyl, cy- 
clohexyl, iso-octyl, t-butyl and the like. 

Referring to formula (I), groups represented by R are generally selected from alkyl groups comprising up 
to 1 0 carbon stems, preferably up to 5 carbon atoms; aryl groups comprising up to 14 carbon atoms, preferably 
up to 1 0 carbon atoms; 5. 6, 7 or 6-membered carbocycttc ring nuclei; cart ocyciic fused ring nuclei comprising 

45 up to 14 carbon atoms; 5, 6, 7 or 8-mernbered heterocyclic ring nuclei and heterocyclic fused ring nuclei corn- 
prising up to 14 ring atoms, each of which groups, ring and fused ring nuclei may posssess one or more sub- 
stituents selected from alkyl groups (e.g., methyl, ethyl, isopropyl etc.), halogen atoms (e.g., fluorine, chlorine, 
bromine and Iodine), a hydroxy group, alkoxy groups (e.g., methoxy, ethoxy etc.), aryfoxy groups (e.g., phe- 
noxy. hydroxyphe noxy etc.), amino groups (e.g., amino, methyfa mino, di met hyiamfno etc.), a cyano group, acy- 

so I amino groups (e.g., acetyiamlno, benzoylamino etc.). diacylamlno groups (e.g.. succfnlmldo eta), ureldo 
groups (e.g., methyrtireido etc.), suiphonamldo groups (e.g. r methylsulphonamide etc.). acyJoxy groups (e.g., 
acetyloxy etc.), sulphamoy] groups {e.g., N-ethytsulphamoyl etc.), alkyl carbonyf groups, arylcarbonyi groups, 
alkoxycarbonyt groups (e.g., methoxy carbon yi. ethoxycarbonyl eta), aryloxycarbonyl groups (e.g.. phenoxy- 
carbonyl etc), alkoxycarbonyl amino groups (e.g. t ethoxycarbonyl amino etc.), aryl groups (e.g., phenyl, toiyi 

55 etc), hydroxyalkyfl groups (e.g.. hydroxyethyt. hydroxypropyi etc.), aJkoxyaikyl groups (e.g., methoxyethyl, me- 
thoxypropyi etc.), mercapto groups, alkylthlo groups, arylthk> groups, alkylsuiphonyt groups, arylsulphonyl 
groups, acyi groups, araJkyi groups, aikyl groups containing a carboxyl group (e.g., carboxymethyi, carboxye- 
thyi etc.). each of which groups may where appropriate comprise up to 14 carbon atoms, preferably not more 
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than 10 carbon atoms. 

Examples of ring and fused ring nuclei represented by R include: isoxazole, pyrimfdlne, qu'moxaline, in- 
dolenine and tetraazindene. 

Examples of alkyl groups represented by R include: methyl, ethyl, propyl , iso propyl, butyl, Isobutyl, t-butyf, 
5 pentyl, isopentyl, hexyl, octyl etc 

Examples of aryl groups represented by R include : phenyl, etboxyphenyt, tolyt, xyly], naphthyl etc. 

Preferred compounds within the scope of formula (I) comprise In the present invention comprise a nucleus 
represented by one of formulae (II) to (V): 



15 



20 




in which; 

Q represents O, SorNR 1 where R 1 represents hydrogen or an alkyl group comprising up Id 5 carbon atoms, 
25 e.g., methyl. Each of the above nuclei may optionally possess one or mom aubstrtuents selected From those 
defined for groups represented by R. 

Preferred compounds within the scope of formulae (II) to (IV) comprise a nucleus represented by one of 
the following: 

30 



35 



40 



45 




so In which: 

R 2 Is hydrogen, an alkyl or alkoxy group, generally comprising up to 10 carbon atoms, preferably not 
more than S carbon atoms, an aryl group, generally comprising up to 1 0 ring atoms, preferably a phenyl group, 
a cyano group or -C(0>CXa where X is halogen, e.g., C1 , Br etc ; 

R 3 is hydrogen, halogen era cyano group, and 
55 R* is hydrogen or an alkyl group, generally comprising up to 10 carbon atoms, preferably not mom than 

5 carbon atoms. 

Conventional silver haitde phot hothermographic chemistry is used in the materials of the invention. Such 
chemistry is described in, e.g., U.S. Patent Nos. 3457075, 3839049, 3985565, 4022617 and 4460681. Any of 
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the various photothermographic media, such as full soaps, partial soaps, full salts, and the like may be used 
in the practice of the present invention, including both black-and-white and color chemistries and either in situ 
halidfeed {e.g., as disclosed in U.S. Patent No. 3457075) or preformed silver halide sources (e.g., as disclosed 
in U.S. Patent No. 3839049) may be used. 

5 Conventional ptiotothermoojaphic chemistry comprises a photosensitive sliver halide catalyst, a silver 

compound capable of being reduced to form a metallic silver image (e.g., silver salts, both organic and inor- 
ganic, and silver complexes, usually light-insensitive silver materials), a developing agent for silver ion (a mild 
reducing agent 1br silver ion) and a binder. Colour photothermographic systems additionally have a leuco dye 
or dye-forming developer (alone or In combination with a developer for silver ton), or a colour photographic 

io coupler which would require a colour photographic developer to be used as the developing agentfor silver ion. 
Thus, both negative and positive systems can be used. 

The compounds of formula (I) may be Incorporated into the photothermographic medium in the same man- 
ner as antilbggants of the prior art The optimum concentration for individual compounds of formula (I) may 
vary widely. In some cases, starting from the mini mum amount required to suppress fog . Increasing the amount 

is of the tribromomethyl ketone compound leads to a loss of image density, but in other cases it may produce 
an rrcrease in image density before levelling out In general, the compounds of formula (I) are utilised in 
amounts of from about 1 x10-*to about 1x10- T moles per mole of silver, although amounts outside t his range 
may also be useful. 

The compounds of formula (Q may be readily prepared by tribromlnatfon of the corresponding substituted 
20 heterocydes. The precursor compounds may be readily prepared by standard synthetic procedures well known 
In the art. 

The following TABLE 1 1dentifies specific examples of tribromomethyl ketone compounds compounds suit- 
able for use In the present Invention. 



so 



40 



55 
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to 



COMPqypD STRVqfU^Ah FORMCJ&ft 

1-6 1 = -OCHj 

XX 



4 R 2 = H 



2„ 



5 R* 

6 R 2 - -C 6 B5 



-i-cBr s 




55 
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STRUCTURAL FOEMULft 



L6 




COCBr . 



10 



15 



In addition to the tribromomethyi ketone compounds of formula (1), the photothermographic media of the 
invention also contain, as a speed enhancing agent/antifcggant, a heterocyclic ring compound in which a ni- 
trogen atom of the ring la electrically balanced by hydrobromic acid and is associated with a par of bromine 
atoms, as described in US Patent No. 5,028,523. The term "association" means non-eovatent chemical or elec- 
trical association of the bromine atoms. The central nucleus of the nitrogen-containing heterocyclic compound 
may be generally represented by any of the following formulae: 



K(HBr) 



Bit* 



UK 



/J(KBr) 



is 



30 



NK 



Br* or 



— c=o 



/ 
r 



Bf3 



In which; 

Q represents the atoms (preferably selected from C, S, N, Se and O, more preferably C, N and O) neces- 
40 sary to complete a 5, ft or 7-membered heterocyclic ring (monocyclic) or fused ring nucleus (polycyclic, es- 
pacially Wcycl ic, with a fused- on benzene ring). The heterocycl ic nucleus may possess one or more subetitu- 
ents selected from those defined for groups represented by R. Exemplary and preferred heterocyclic ring 
groups include pyridine, pyrolidone and pyrrol idinorte. Other useful heterocyclic ring nudel Include pyrocyclic 
rings, e.g., pyrrolidines, phthaiazrtone, phthalazine etc. 
45 Preferred heterocyclic nudel for use in the practice of the present Invention may be defined by the for- 



5a (i) 



N 



L CHBr) 



(ii) 
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(vi) 



t 



N 



Br2 




N J 



30 



(vii) 



(viii) 




(HBr) 



Bra 



(HBr) 



Brj 



In which; 

n is 0 (zero) or has Integral values of from 1 to 4, and 

each R* represents a subst ttuent selected from those defined for groups represented by R, e.g., alky I 
groups, alkoxy groups, aryl groups, nrtro, cyano, and the like* Subst rtuents on adjacent positions may form 
fused ring groups so that formula (i) above would in fact be inclusive of formulae (ii) and (iv). 

These compou ride are generally used in an amount of at least 0.005 moles/mole of si Iver. Usually the range 
is from 0.005 to 1 .0 moles of the compound per mole of silver and preferably between 0.01 and 0.3 moles per 
mole of silver. The preferred level is currently about 0.01 moles/mole sliver. 

The preferred nitrogen-containing heterocyclic compound is pyridinium hydrobromide perbrornide (PHP). 

Photothermographic materials are usually constructed as one or two i maging layers on a substrate. Single 
layer conductions must contain the reducible silver source, the silver hallde and the developer, as well as op- 
tional additional materials, such as toners, coating aids and other adjuvants. Two-layer constructions must 
contain the reducible silver source and sliver hallde in one layer (usually the layer adjacent the substrate) and 
the other Ingredients In the second layer or both layers. 

The silver haJkJe may be any photosensitive silver hallde, such as stiver chloride, silver bromide, silver 
iodide, siiverchlorobromide, silver b no mo iodide, silver chlorobromoiodlde etc, and may be added to the Im- 
aging layer In any fashion which places it In catalytic proximity to t he reducible silver source. The silver hallde 
generally comprises from 0.75 to 15% by weight of the Imaging layer, although larger amounts of up to about 
25% by weight, are also useful. It is preferred to use from 1 to 10% by weight silver hallde in the layer, more 
preferably from 1 ,5 to 7%. The sliver hallde may be prepared in situ by conversion of a portion of silver soap 
by reaction with haJide kms or it may be preformed and added during soap generation, or a combination of 
these methods may be used. The latter is preferred. 
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The reducible silver source may comprise any material which contains a reducible source of sliver ions. 
Silver salts of organic and hetero-organic acids, particularly long chain fatty carboxylKc adds (comprising from 
10 to 30, preferably 15 to 25 carbon atoms), are preferred. Complexes of organic or inorganic silver sate in 
which the ligand has a gross stability constant for silver ion of between 4.0 and 10.0 are also useful. 

Examples of suitable silver salts are disclosed m Research Disclosure Nos. 1 7029 and 29963 and Include: 
salts of organic acids, e.g., gallic acid, oxalic acid behenic acid, stearic acid, palmitic acid, iauric acid and the 
like; silvercarboxyail^lthiourea salts, e.g., 1-(3-carboxypropyi) thiourea, 1-(3-cartoxypropyl>3 P 3-dimethylth- 
iourea and the like; complexes of silver with the polymeric reaction product of an aldehyde with a hydroxy- 
substituted aromatic caiboxylic acid, e.g., aldehydes, such as formaldehyde, acetaldehyde and butyraJdehyde, 
and hydroxy-substituted acids, such as salicylic acid, benziltc acid, 3,5-dihydraxybenzilic acid and 5,5-thtodl- 
salicylic acid, sliver salts or complexes of thrones, e.g.. 3-(2^rt>oxyethyl)^hydroxyn^ 
thione and 3-carboxymethy1-4-thiazoline-2-thione complexes or salts of silver with nitrogen adds selected 
from imidazole, pyrazole, urazote, 1,2,4-iriazole and 1H-tetrazoJe, 3-amino-5-benzytthk>-1 ,2,4-triszole and 
benzotriazole; silver salts of saccharin, &chlorosalicylaldoxime and the like; and silversalts of mercaptides. 

The preferred silver source Is salver behenate. 

The reducible silver source generally comprises from 5 to 70%. preferably from 7 to 46% by weight of the 
imaging layer. The use of a second imaging layer in a two-layer construction does not affect the percentage 
of the silver source. 

The reducing agent for silver ion may be any materia], although organic materials are preferred which will 
reduce silver ion to metal) Ic silver. Conventional photographic developers such as phenldone, hydroqulrtones 
and catechol are useful, but hindered phenol reducing agents are preferred. The reducing agent generally com- 
prises from 1 to 10% by weight of the imaging layer, but fin a two-layer construction, if the reducing agent is 
in the layer separate from that containing the reducible silver source, slightly higher proportions, e.g.. from 2 
to 15%, tend to be more desirable. Colour photothermogiaphic materials, such as those disclosed in US Patent 
No. 4480681, are also contemplated in the practice of the present Invention. 

Examples of suitable reducing agents are disclosed In US Patent Nos. 3770448. 3773512 and 3593883 
and Research Disclosure Nos. 17029 and 29963, and include aminohydroxycycloalkenone compounds, e.g., 
2-hydroxypiperWlno-2-cyclohexanone; esters of amino reductones as developing agent precursors, e.g., pi- 
peridino hexose reductone monoacatats; N- hydroxy urea derivatives, e.g., N-p-methyl phenyt-N -hydroxyurea; 
hydrazonas of aldehydes and ketones, e.g., anthracene aldehyde phenyl hydrazone; phoaphcramidophenofs; 
phosphotamidoanilines; poly hydroxy benzenes, e.g., hydroqulnone, t-buty Ihydroquinone, iso propyl hydroqui- 
none and (2 t S4lhydroxyphenyl)methylsuifone; sutf hydroxamic acids, e.g., benzanesulf hydroxamic acid; sul- 
fonamidoanilines,e.g. ( 4^N^ethan e.g., 2-methyf-5-(1- 

pheflyl-5-tetrazolylthk>)hydroquinone; tetrahydroquinoxaloned, e.g„ 1 ^ f 3,4 r tofa^hydroquEnoxalina; amidox- 
ines; azines, e.g. v a combination of aliphatic carboxyftc acid aryl hydrazldes and ascorbic acid; a combination 
of a polyhydraxybanzene and a hydroxyiamine, a reductona and/or a hydrazine; hydroxamic acids; a combin- 
ation of azines and sidfcnamidophanofe; a-cyanophanylacetic acid derivatives; a combination of a bis-p-naph- 
thof and a 1 ,3-dlhyoYoxybdnzane derivative; ^pyrazolones; sulfonamidophanoi reducing agents; 2-phenylln- 
dane-1 ,3-dlone and the like; chroma ns; 1 ,4-d I hyotopyrid In as, such as 2,6Hllmethoxy-3,5^[rarbethoxy-1 ,4-dl- 
hydropyridine; bisphanols, e.g., bis(2-hydnixy-34-biityi-5-metltylph bls<6-hydroxy-m-toly} me- 

sMol, 2,2-bls(4-hydroxy-3^methylpheny1)pfopane, 4,4-ethylidene-bte (2-t-butyl-6-methylphenoi, UV-eeneKive 
ascorbic acid derivatives and 3-pyrazoildonss. 

The preferred developers are hindered phenols of the general formula: 




in which; 

R* represents hydrogen or an alkyl group generally comprising up to 10 carbon atoms, e.g., butyl, and 
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R7 and R* represent alkyfl groups of up to 5 carbon atoms, e.g., methyl, ethyl, t-butyl etc. 

The presence of a toner (sometimes referred to as a 'tone modifier*) Is not essential, but b highly prefer- 
red. Examples of suitable toners are disclosed in Research Disclosure No. 17029 and include: imides, e.g., 
phthatimide; cyclic imides. pyrazolin-5-ones and a quinazollnone, such as succinimide, 3-phenyl-2-pyrazoliri- 
5-one, 1-phenyhirazole, quinazolineand 2.44hiazolidinedione; naphthalimides, e.g. a N-hydroxy-1 ,8- napht ha- 
ll rnide; cobalt complexes, e.g., cobalt Sc hexammine trifluoroacetate, mercaptans, e.g., 3-mercapto-1 ,2,4-tria- 
zde; N-(amfnomethyOary! dicarboximides, e.g., (^(dlrnethylamlnomethyOphthalimide; a combination of 
blocked pyrazoles, isot hi uranium derivatives and certain photobleach agents, e.g., a combination of N,N'-hex- 
amethylene Us(1-carbamcyl-3 > 5-dimethylByrazole), I.S^S.B^IcotaoctaneJbisfisothiuronium trifluoroacetete) 
and 2-<tribromomethytstjlfonyl) benzothiazole); merocyanine dyes, such as 3-ethyl-5-[{3-ethy1-2~ 
benzQthiazdinyltiene)-1-me^ phthalazinone. phthalazinone deriv- 

atives or metal salts of these derivatives, such as 4-(1-naphthyI)phthaJaz]none, 6-chloropht halazinone, 5,7- 
dimethoxyphthalazinone and 2,3-dlhydro-1 ,4~phthalazinediune;a combination of phthalazinone and a sulfinic 
acid derivative, e.g., 6-chloropht halazinone plus sodium benzene suif inate or 8-methyl phthalazinone plus so- 
dium p-tolyautf inate: a combination of phthalazinone plus phthalic add; a combination of phthaiazine including 
an adductof phthaiazine and maleic anhydride) and at least one compound selected from phthalic acid, a 2,3- 
naphthalene dicarboxylic acid or an o-phenylene acid derivative and anhydrides thereof, e.g., phthalic acid, 
4-methyl phthalic acid, 4-nltropht halrcacid and tetrachlorophthalic anhydride; quinazollnediones, benzoxazine 
and naphthoxazine derivatives; benzoxazine-2.4-djones > e.g., 1.3-benzaxazins-2,4-dione; pyrimidines and 
asyrn-triazines. e.g., 2,4-dSiydroxypyrlmldfne, and tetraazapentalene derivatives, e.g., 3,6-d I mercapto-1 .4-df- 
phenyl-1 H,4H-2,3a,5,6a-tetraazapentatene. 

Preferred toners are phthalazinone, phthaiazine and phthalic acid, acid, either alone or in combination 
with other compounds. 

The toner, when present Is generally included in an amount of from 0.2 to 12%, preferably 0.2 to 5% by 
weight of the imaging layer. 

The photothermographic chemistry may be black and white or colour-Terming. In the latter type of material, 
the reducing agent generates a colour on oxidation, either by becoming coloured itself, or by releasing a dye 
during t ha process of oxidation. Any leuco dye capable of being oxidized by silver ion to for m a visible dye is 
useful in the practice of the present invention. Dye-forming developers such as those disclosed In U.S. Patent 
Noe. 3445234, 4021250, 4022617 and 4308247 are useful, particularly those disclosed in Japanese Patent 
Publication No. 82-500352. 

The photothermographic chemistry is typically applied to the support in a binder. A wide range of binders 
may be employed in the imaging layers), including both natural and synthetic resins. Copolymers and terpo- 
lymers are of course included. Suitable binders are transparent or translucent, are generaly colourless and 
include natural polymers, synthetic resins, polymers and copolymers and other film forming media such as: 
gelatin; gum arable; polyvinyl alcohol); ceflutose esters, such as hydroxysthyl cellulose, cellulose acetate, cel- 
lulose acetate butyrate; polyvinyl pyrrolidine); casein; starch; pc4y(acrylic acid), poly(methylmethacrylic 
acid), pdy(methacrylic acid); poly(vinyl chloride); copofy(styrene-maleic anhydride), copory(atyrene-ac*ylonl- 
trfle), copcly{styrene-butadiene); polyacrylonitrile; polyvinyl acstals, such as, polyvinyl formal) and polyvinyl 
butyral); polyesters; polyurethanes; phenoxy resins; polyfvinyndene chloride); potyepoxfdes; polycarbonates; 
polyvinyl acetate); poly olefins, such as polyethylene) and poiy(propytena), and pol yam idee. Polyvinyl acst- 
als), such as poiy(vfriyl butyral) and polyvinyl formal), and vinyl copolymers, such as polyvinyl acetate-chlor- 
ide) are particularly desirable. The binders are generally used In an amount rang Ing from 20 to 75% by weight, 
preferably from 30 to 55% by weight of the silver halide containing layer. The binders may be coated from aqu- 
eous or organic solvents or an emulsion. 

The photothermographic elements of the invention are prepared by simply coating a suitable support or 
substrate with the one or more imaging layers containing the p hotot hermogra phic chemistry and, optionally, 
a oxygen-barrier overlayer. Suitable barrier layers are well known in the art Each layer is generaly coated 
from a suitable solvent using techniques known in the art Exemplary supports include materials, such as pa- 
per, polyethylene-coated paper, polypropylene-coated paper, parchment, cloth and the like; sheets and foils 
of metals, such as aluminium, copper, magnesium and zinc; glass and glass coated with metals such as chro- 
mium alloys, steel, silver, gold and platinum; synthetic polymeric materials, such as poly(alkyl methacrylates), 
e.g., po4y(methyl met hacrylate), polyesters, e.g., poiy(ethylene terephthalate) and polrfethyfene napht halate), 
pdy(vinyl acetate), polyamSdes, e.g., nylon, cellulose esters, e.g. , cellulose nitrate, cellulose acetate, cellulose 
acetate propionate, cellulose acetate butyrate, and the like. 

Various other adjuvants may be added to the photothermographic medium. For example, accelerators, 
acutance dyes, sensitizers, stabilizers, plastteizers, surfactants, lubricants, coating aids, antlfoggants, leuco 
dyes, chelating agents, binder cross! in king agents, UV- absorb era and various other well-known additives may 
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be usefully incorporated in the medium. The use of acutance dyes matched to the spectral emission of the 
exposing source is particularly desirable. It is not essential for the ptiotothenmgraphic elements of the In- 
vention to comprise a separate support since each binder layer, together with the photothermographlc chem- 
istry may be cast to form a self-supporting film. 

The supports can be sub-coated with known subbing materials such as: copolymers and terpolymers of 
vinylldene chloride; and acrylic monomers, such as acryionit rile and methyl acrylate; unsaturated drcarboxyllc 
acids, such as i laconic or acrylic add; carboxymethyl cellulose; potyacrytamide, and similar polymeric mate- 
rials. 

The support can also carry a filter or antihalation layer, such as one comprising a dyed polymer layer, 
which absorbs the exposing radiation after it passes through the radiation-sensitive layer and eliminates un- 
wanted reflection from the support 

The invention will now be described by way of example with reference to the accompanying non-limiting 
Examples in which Compounds 4,6.7,9 and 15 are as shown In TABLE 1 and Compound A is a comparative, 
non-mercury antrfoggant disclosed in British Patent Publication No. 2076552. 



The synthesis of the compounds of formula (J) is exemplified with reference to the synthesis protocol for 
Compound 4 (tribromomethyf phenyl ketone) from TABLE 1. 

A three necked round bottomed flask (500ml) was fitted with a double surface water cooled condenser, 
a thermometer (10 to 200°C) ri contact with the reaction surface and a pressure equilibrating dropping funnel 
(100ml). The flask was suspended In a thermostatically controlled silicone oil bath and charged with a mag- 
netic stirrer bar. acetophenone (11 Jdni; 0.1 mot), anhydrous sodium acetate (49.27g; G.Bmol) and glacial acetic 
acid (200ml). The temperature of the oil bath was t hen raised to 1 30°C (266* F) and the reaction flask allowed 
to equilibrate to that temperature. The dropping funnel was charged with bromine (15.5ml; 0,3moQ and acetic 
acid (50ml) which was then added to the reaction mixture while maintaining a gentle reflux. The bromine colour 
was discharged Instantaneously. The reaction mixture was then heated for a further 10 minutes before remov- 
ing the flask from the oil bath and allowing It to cool to room temperature. The resulting slurry was poured 
Into tee/water mixture (1500ml) and stirred vigorously for one hour. Awtrite precipitate was filtered off, air dried 
and then recrystallised from acetonitrile to yield white crystals of tribromomethyl phenyl ketone [1 9.2g; Yield 
= 53%; m.p. = 63 to 64°C (145 to 147*F)J. 1 H and 13 C nmr was used to confirm the structural assignment. 



Colour photothermographtc elements were prepared by adding Compound 15 (0.3g) from TABLE 1 (Ele- 
ment 1) and mercuric bromide (HgBr 2 ; Element 2) to successive mixtures of Formulations Aand B (13.5g and 
6.0g respectively). The resulting mixtures (with antrfoggant) were coated on a commercial film base (7mm 
thick) at 50jjm (2mi f) wet thickness and overcoated with Formulation Data wet thickness of 50jim (2mii). Con- 
trol elements were also prepared without any antrfoggant. Each element was dried In an oven at 70°C (160°F) 
tor 210 seconds. 

Once dry, samples of the material were Imaged and developed at 121*C for 6 seconds. The sensftometric 
results obtained are presented in TABLE 2. 

Formulation A 

Developer solution was prepared with the following Ingredients, each added In its listed order with mixing: 

1 . ethyl ketazine 0„9g 

2. phthalazfne 1.6g 



Compound A 




Example 1 



Example 2 
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3. tetrahydrofuran BO.Og 

4. VA6H (a hydroxyknodlf led vinyl acetate-vinyl chloride copolymer commercially available from Union 
Carbide) 4.5g 

5. BUTVAR B-76 (polyvinyl butyral) commercially available from Monsanto) 6.6g 

5 

Formulation B 

Spectrally sensitised si Ivor soap: Dye I (0.042$) was dissolved in methanol (20ml). Trie dye solution (5ml) 
was added to the silver soap stock solution (Formulation C; 80ml). 

w 

fiQCSJL 



15 



30 




so Formulation C 

Silver soap stock solution: a preformed silver soap (silver bromide; 0.065|im grain size) was prepared as 
followsc- 

35 I. INGREDIENTS 

1. AgBr{115g at 523gfrnoLe) in HaO (1250ml) 

2. NaW (69.1 8g) in H2O (1500ml) 

3. AgNO*<364.Sg) in H a O (2500ml) 

40 4. Fatty acid (1 31g); Humko Type 9718) 

5. Fatty acid 634.5g; Humko Type 9022) 

6. HNO3 (19ml) in HaP (50ml) 

II REACTION 

1. Dissolve #4 and #6 at 80°C (176°F) in 13 litres of water and mix for 15 minutes. 

2. Add #1 to solution at 80°C and mix lor 10 minutes to form a dispersion . 

3. Add #2 to the dispersion at 80°C and mix for 5 minutes. 

4. Add #6 to dispersion at 80°C and mix for 25 minutes. 

so 5. Add #3 to dispersion at 35°C (95"F) and hold at 55°C (1 31°F) for 2 hours. 

6. Wash until wash water is 20,000 fi/cm 2 

7. Dry. 

Pyridinium hydrobiomlde perbromkte (3 x O.OS&g) was added to a mixture of the preformed silver soap 
(200g) and polyvinyl butyral) (32g; commercially available from Monsanto under the trade name BUTVAR B- 
55 76) in 

methytethyl ketone (40g) over a period of 1 hour. The mixture was left to stand for 5 hours before addition of 
calcium bromide (10% solution In methanol; 1 to 3ml). This mixture was held for 24 hours at 28°C (50°F). 
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Formulation D 

Topcoat polystyrene) (18g) in a mixture of acetone (111 g) methyiethyl ketone (55g) and toluene (22g). 



Table 2 





Element 


Compound 


Dm in 


Dmax 


Speed 


Contrast 




CONTROL 




220 


2.20 






10 


1 


15 


0.09 


2.18 


1.64 


2.41 



The stability of the imaged materials was investigated by storing imaged samples of Photothermographic 
Elements 1 and 2 at 1 076.4 be (100 fc) f 50% relative humidity and 21°C (7Q°F) for 9 days. The results obtained 
ace shown in TABLE 3 In terms of conventional LAB colour coordinate values, 

15 



20 


Element* 


Compound 


AR 


AG 


AB 


Fade 
% 




1 


15 


0.02 


0*08 


0.07 


10 


25 


2(C) 


HgBr 2 




0*13 


0.18 


27 



* (c) = comparative element not In accordance with the 
invention 



so The above results show that the tribromomethyl compounds of formula (0 can, In the absence of mercuric 
and other heavy metal salts, reduce the level of log in materials designed to yield coloured images, as well as 
confering image stability to ambient Eight conditions. 

Example 3 

35 

A series of black & white p hotot her mogra ph ic elements were prepared by coating Formulation E at a 
1 75um (7miQ wet thickness onto conventional photographic base (paper or film) and drying the coated layer 
at70°C (15JPF) tor 240 seconds. Formulation F was coated on top of tha dried underlayer at a 1 0Gum (4mil) 
wet thickness and dried at 70*c for 240 seconds. 
40 Once dry, samples of the materials were imaged. The aensltometric results obtained are presented in TA- 
BLE 4. 

Formulation E 

45 Si I ver soap underlayer the following Ingredients ware added to a preformed full soap homogenate (1 OOg) 

comprising equal parts by weight of 

(a) silver behenate Full soap, and 

(b) a preformed silver behenate Full soap prepared in accordance win the method described in Example 
1 of U.S. Patent No. 5028523, but in which the silver halide was a 5050 mixture of silver lodobromide 

so (0.05um grain size) and silver lodobromide (0.07 um grain size) with stirring as indicated: 

1 . methyiethyl ketone (50ml) stirring for 5 minutes. 

2. BUTVAR B-76 (33.1g) stirring for 25 minutes. 

3. Pyridlnium hydro bromide perbromtde (3 x 0.06g) in methanol (5ml) stirring for 2 hours. 

4. Calcium bromide (10% solution In methanol; 1 to 3ml) stirring for 30 minutes. 

55 Al operations warn carried out in a minus blue light environment (normally a Red 1 A Saf alight area) and 
at a temperature of 7°C (45°F) unless otherwise indicated. 

The result irtg mixture was stored overnight in a sealed container before warming to 21 °C (70°F) and adding 
the following ingredients with stirring as indicated: 
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1. NONOX (developer 1 >bls(2-bydraxy-&Wimet^ 7g). 

2. 2-<4-chlorobenzoyi)benzoic acid (12% solution in methanol; 10ml) stirring for 30 minutes. 

3. 2-meraptobenzimidazole (0.5% solution in methanol; 64ml) stirring for 15 minutes. 

4. Dye II (0.2% solution In dimethyl formamide; 3.7ml) staling for 15 minutes. 
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2d Solution F 

Topcoat the following ingredients were mixed in an ultrasonic bath until a clear solution was obtained: 

1. acetone 140 ml 

2. methytethyl ketone 67ml 
26 a methanol 27.5ml 

4. cellulose acetate (398-6) 9.0g 

5. phthalazine 1.0g 

6. 4-methyiphthalic acid 0.72g 

7. tetrachlorophthalic acid 0.22g 

30 8. tetractorophthallc anhydride O.SOg 

9 Compound 4,6,7.9,15 or A or HgBr 2 1 0.2. 0.5 or 1.0g 
The resulting mixture was slowed to stand for 1 hour at 21 *C (7CPF) before use. 



TABIDS 4 



40 


Element 


Compound 


Quantity 

(g) 


Dmin 


Dmax 


Speed 


Contrast 




Control 






0.78 


1*76 


2.19 


4.50 


45 


3(C) 
4(c) 
5(C) 
6(c) 


A 
A 
A 


0.2 
0.2 
0*5 
1.0 


0.12 
0.4O 
0.25 
0.44 


1.70 
X.74 
1.73 
1*70 


1.78 
2.04 
1.98 
1.80 


1.95 
1.27 

1.15 


50 


7 
8 
9 


4 
4 
4 


0.2 
0.5 
1.0 


0.14 
0.17 
0.14 


1.59 
1.76 
1.70 


2.00 
1.80 
1.82 


1.17 
2.25 
2.54 



comparative element not in accordance with tne 
invention. 



It can be seen from t he above data that compounds of formula (I) can in the absence of mercuric and other 
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heavy metal salts reduce t he level of fog In blade and white photat hermographic materials . For example* com- 
paring Compound 4 with Compound A, It Is apparent that the latter compound only reduces the level of fog to 
about half bo one third that obtained when no antifbggant Is present, which at 0.25 to 0.4 is not an acceptable 
value for phot hermographic media. 

The pre and post-imaging stability of samples of the photot hermographic materials prepared in accor- 
dance with the invention ma then compared with the material containing mercuric bromide. The i 
shown En TABLE 5. 



iO 



15 



20 



Element 


Compound 


Dm In 


I 


II 


Ilia 


IXIb 


IIIC 


10(c) 


HgBr 2 


0*14 


0.12 


0.14 


0.16* 


0.17** 


11 


4 


0.12 


0.15 


0.12 


0.13* 


0.17** 


12 


6 


0.12 


0.17 


0.12 


0.15 


0.17 S 


13 


7 


0.13 


0.12 


0.13 


0.16 


0.17 


14 


9 


0.12 


! 0.11 


0.12 


0,16 


0.17 


IS 


15 


0*12 


0.10 


0.12 


0.12 


0.13 



(c) = comparative el« 
invention 



snt not in accordance with the 



I - initial Dmin after processing at 121- c (250*F) 

for 6 seconds. 

II - Dmin of processed material following storage at 

49 *C (120"F) and 50% relative humidity. 
Ilia ^ Light stabilisation = initial value 
Illb - Light stabilisation = after 5 days 

* after 6 days 
IXic Light stabilisation « after 12 days 

** after 19 days 



The above results Indicate that the use of compounds of formula (I) may confer some degree of pre and 
post-Image stabilisation on the media. 
so "NONOX" and "VAOH" (Union Carbide). -9022- and "0716* (Humko) and "BUTVAR' (Monsanto) are all trade 
names/designation* 



Claims 

1. A photothermographic material having a photosensitive medium comprising: photosensitive silver halide, 
a reducible silver source, a reducing agent for silver ion, a hydrobromic acid salt of a nitrogen-containing 
heterocyclic ring or fused ring nucleus associated with a pair of bromine atoms CHARACTERISED IN 
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THAT the photosensitive medium additionally comprises as an antifoggant. substantially in the absence 
of an antifoggant effective amount of mercury and other heavy metal salts, a tribromomethyl ketone com- 
pound of general formula (I): 

O 

in which; 

R represents an alkyl group, an aryl group, a carbocydic ring or fused ring nucleus or a heterocyclic 
ring or fused ling nucleus. 

A photothermo^Bphic material as claimed In Claim 1 in which R represents an aJkyl group comprising 
up to 10 carbon atoms, an aryl group comprising up Id 14 carbon atoms, a 5, 6, 7 or 8-membered carbo- 
cydic ring nucleus, a carbocydic fused ring nucleus comprising up to 14 carbon atoms, a 5. 6, 7 or 8- 
membered heterocydic ring nucleus or a heterocydlc fused ring nudeus comprising up to 14 ring atoms, 
each of which groups, ring nudei or fused ring nuder may possess one or more substituents selected 
from alkyl groups, halogen atoms, a hydroxy group, alkoxy groups, aryloxy groups, amino groups, a cyano 
group, acyl amino groups, dtacytamino groups, ureWo groups, sulphonamido groups, acyloxy groups, sul- 
phamoyf groups, alkylcarbonyi groups, aryl carbonyl groups, ajkoxycarbonyl groups, aryloxycarbony] 
groups, alkaxycarbonyl amino groups, carbamoyl groups, aryl groups, hydroxy alkyl groups, alkoxy alkyl 
groups, mercapto groups, alkyithio groups, arytthio groups, atkyteulphonyl groups, aryfsulphonyl groups, 
acyl groups, araftyl groups and alkylcarboxylic acid groups, each of which groups may where appropriate 
comprise up to 14 carbon atoms. 

A photothermographic material as claimed in Claim 1 or Claim 2 In which the antifoggant of formula (I) 
comprises a nucleus represented by one of the following: 



(in ^^y 000 ^ 3 (III > Q \^ cocbt 3 




K COCBr 3 ^ ^cOCBr, 



in which; 

Q represents O, S or NR 1 where R 1 represents hydrogen oran akyi group comprising up to 5 carbon 
atoms, each of which nuclei may optionally possess one or more substituents selected from those de- 
tailed in Claim 2 for groups represented by R- 

A phototrWmographic material as claimed in Claim 3 in which the antifoggant comprises a nudeus rep- 
resented by one of general formula (If) to (V): 
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XT ^ 



COCBr. 



K COCBr, 



N 
I 

R 



COCBr. 



COCBr. 



in which; 

R 2 is hydrogen, an aJkyl group, ait alknxy group, a cyano group, an aryl group or R-C(0)-CX 3 where 
X ia halogen; 

R 3 to hydrogen, halogen or a cyano group, and 
R* te hydrogen or an alkyl group. 

A photothermographic matariaJ as claimed in Qaim 4 in which R 2 is -H, -OCH* -NQ2 -CN, -C(0)CBr 3 - 
CeH a or-C^CH^ R 3 Is -H, -CI, -Br or -CN, and R 4 Is H or - CH, 

A photothermographic material as claimed in any one of Claim 1 to S in which the antifoggant is present 
In an amount from 1 x 10-* to 1 x 10-1 moles per mole of silver halide. 

A photothermographic material as claimed in any preceding Claim in which the hyoYobrornfc acid salt com- 
prises a compound having a central nucleus of the formula: 



L 



Br* 



\ 
I 



Brj 



1 

KH 
t 





- 


Brj or 


d Wh 



Bo 



in which; 

Q comprises the 

A photothermographic 
pound having a central 



to complete a 5, 6, or 7- mem be red heterocyclic ring nucleus. 



as claimed in Claim 7 in which the hydra bromic acid salt comprises a conv 
of a formula selected from: 
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in which; 

n is 0 (rare) or has integral values of from 1 to 4. and 

each R 5 represents a substrtuent selected from those defined for groups represented by R. 

S. A photothermographic material as claimed in Claims 7 or Claim B in which the hydrobromta arid salt is 
pyridinium hydrobromkte perfcromida. 

10- Aphotothermographic material as claimed in any preceding Claim fin which the reducible silver source is 
the silver salt of behenic acid. 

11. A p hotot hermogra p h ic as material as claimed In any preceding Claim In which the reducing agentfor silver 
ion is a phenidone, hydroquinone, catehd or a hindered phenol having a nucleus of the general formula: 




In which; 
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R* represents hydrogen or an alley! group comprising up to 1 0 carbon atoms* and 

R 7 and R 8 are independently selected from alkyf groups containing up to 5 carbon atoms. 

12. A photothermographic element as claimed in any preceding Claim in which the reducing agent te used 
in combination with a toner selected from phi haJazinone, phthalazfne, phthalic add and any combination 
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